Basophils are the smallest population of granulocytes found in the circulation. They have crucial and nonredundant roles in allergic disorders, in protection from parasite infections, in autoimmunity, and in the regulation of type 2 immunity. They share phenotypic and functional properties with mast cells, which exert substantial protective effects after traumatic brain injury and spinal cord injury, although they are considered one of the most proinflammatory cell types in the body. In contrast, the in vivo functions of basophils in central nervous system trauma are still obscure and not well studied. In this study, we show that by comparing spinal cord injury in wild type vs. basophil-deficient Mcpt8Cre transgenic mice, the locomotor recovery is not affected in mice depleted in basophils. In addition, no substantial differences were observed in the lesion size and in the astrocytic and macrophage/microglia reaction between both mouse strains. Hence, despite the multiple properties shared with mast cells, these data show, for the first time, to our knowledge, that basophils are dispensable for the functional recovery process after hemisection injury to the spinal cord in mice. J. Leukoc. Biol.
Introduction
Representing ,1% of the peripheral blood leukocytes, basophils have been poorly investigated for more than a century. Their paucity and lack of specific markers mainly hampered their identification and purification. These granular cells have a unique role during allergic inflammation, in protective immunity against parasite infections, and in several autoimmune diseases [1] [2] [3] .
Major technical advances revealed that basophils share phenotypic and functional properties with MCs, for example, both cell types express the high-affinity receptor for IgE (FceRI), possess metachromatic granules, and release a similar set of effector molecules, including histamine, lipid mediators, proteases, and Th2-associated cytokines, such as IL-4, IL-5, and IL-13 [1, 4, 5] , which are thought to exert beneficial effects in CNS trauma [6] [7] [8] . Because of these similarities to MCs, basophils were often mistaken as minor and possibly redundant "circulating MCs."
Recently, we demonstrated, for the first time to our knowledge, that MCs and their secreted protease mouse mast cell protease 4 (mMCP4) exerted protective effects in traumatic brain injury and SCI [9, 10] . More specifically, the data indicated that mMCP4 secreted by MCs degrades inflammation-associated cytokines and thereby reduces neuroinflammation and CNS damage. Basophils do not express mMCP4, but mMCP8 and mMCP11, which were identified as being basophil-specific. One of these MCPs, that is, mMCP11, may contribute to inflammation by inducing microvascular damage and increasing permeability in the absence of MCs [11] .
The role of basophils in the context of trauma to the CNS is, however, still limited compared with that of MCs [12] . Considering their interesting, unique properties and the similarities with MCs, we hypothesized that, like MCs, basophils could also have a significant role after CNS trauma. Therefore, we investigated functional regeneration processes after SCI in Mcpt8Cre transgenic mice that constitutively lack .90% of their basophils [13] . In this study, we show that, after SCI, the functional recovery in general is not affected by the absence of basophils. In addition, lesion size, astrogliosis, and macrophage/ microglia infiltration were not significantly different between both mouse strains. Taken together, our data indicate that these granulocytes, in contrast to MCs, are not essential for the restoration of gross locomotor skills after SCI.
MATERIALS AND METHODS

Ethics
All experiments were approved by the local ethical committee of Hasselt University and were performed according to the guidelines described in Directive 2010/63/EU on the protection of animals used for scientific purposes.
Mice and spinal cord T-cut hemisection injury
All experiments were performed using 9-to 11-wk-old Mcpt8Cre transgenic mice and age-and sex-matched C57Bl/6 WT littermates, which were housed in a temperature-controlled room (20 6 3°C) on a 12-h light-dark schedule and with food and water ad libitum. Mcpt8Cre bacterial artificial chromosome-transgenic mice (on a C57BL/6J background) were originally generated as described previously [13] . Spinal cord T-cut hemisection injury was performed as described previously [14] . This model was used to avoid spared fibers [15, 16] . Then, 9-to 11-wk-old, anesthetized mice underwent partial laminectomies at thoracic level T8. For further details on the mice used and the operation procedure, see Supplemental Materials and Methods.
Locomotion tests
Starting 1 d after surgery, functional recovery in mice after SCI was measured according to the BMS for a period of 4 wk. The BMS is a 10-point locomotor rating scale (9 = normal locomotion; 0 = complete hind limb paralysis), which functions as a guide in evaluating hind limb movements in mice after SCI [17] . This evaluation was performed in an open field during a 4-min interval, and mice were scored by 2 investigators blinded to the experimental groups.
Immunohistochemical analysis of the spinal cord
Mice were transcardially perfused at 25 d after SCI with Ringer solution containing heparin, followed by 4% paraformaldehyde in PBS (pH 7.4). After isolation and fixation, spinal cords were cryoprotected for 72 h in 30% (w/v) sucrose in PBS, frozen in optimal cutting temperature compound (Tissue-Tek; Sakura Finetek USA, Torrance, CA, USA), and stored at 280°C until further processing. Next, 14-mm-thick sagittal tissue sections were cut on a Leica CM1900 UV Cryostat (Leica Microsystems, Wetzlar, Germany), mounted on Superfrost Plus glasses (Thermo Fisher Scientific, Waltham, MA, USA), and stored at 220°C until staining. For immunohistochemical staining, spinal cord sections were stained with mouse antiglial fibrillary acidic protein for measurement of lesion size and astrogliosis (GFAP; 1/500, Sigma-Aldrich, StLouis, MO, USA) and rabbit anti-ionized calcium-binding adaptor molecule 1 for microglia/macrophage infiltration (Iba1; 1/250, Wako Chemicals, Neuss, Germany). See Supplemental Materials and Methods for further details on the immunohistochemical protocol. Immunohistochemical staining and analysis were performed on samples from 1 of 3 independent experiments.
Statistical analysis
Locomotion tests (Fig. 1A) , as well as histologic evaluation of astrogliosis (Fig. 1E) , were analyzed using 2-way ANOVA for repeated measurements with a Bonferroni correction for multiple comparisons. Differences in lesion size (Fig. 1B) and microglia/macrophage infiltration (Fig. 1H ) between both groups were analyzed using the nonparametric Mann-Whitney U test. The analyses were performed using Prism 5.0 software (GraphPad Software, La Jolla, CA, USA). Differences were considered statistically significant when P , 0.05.
RESULTS AND DISCUSSION
Worldwide, numerous people suffer from SCI with symptoms ranging from pain and incontinence to partial or complete paralysis. This devastating CNS disorder is associated with many economic and social issues because the paralysis after SCI significantly reduces the quality of life. Despite recent advances in medical care and rehabilitation, the current prognosis for improvement in sensory and motor function remains relatively poor [18] . Immunopharmacologic interventions are, therefore, of great interest, and a thorough analysis of the complex network of all major immune cell types in this context is needed [7] .
Recently, we have shown that mice deficient in MCs displayed increased neurodegeneration in the lesion area after brain trauma [9] . In addition, these MC-deficient mice suffered a significantly reduced functional outcome after SCI [10] . In particular, MCs seem to be protective in the neuroregenerative processes following CNS trauma because of their ability to degrade inflammation-associated cytokines, such as MCP-1, IL-6, and IL-13 and thereby temper inflammatory processes [9, 10] . These processes are at least partly mediated via a secreted protease (mMCP4).
Driven by the established protective role of MCs in the recovery process after CNS trauma, it was interesting to investigate the role of another "sister" immune cell-the basophil-in the repair processes following CNS injury. Although basophils resemble MCs both phenotypically and functionally, several differences in development, differentiation, and lifespan strongly suggest that both cell types have distinct roles in vivo [1] .
As shown in Fig. 1A , the functional recovery after SCI was evaluated for 25 d, and the BMS score was not significantly different between Mcpt8Cre mice and their matched WT controls. Immunohistochemical analysis of the spinal cord at d 25 postinjury showed that the lesion area was slightly, but not significantly, bigger in the Mcpt8Cre mice compared with their WT littermates (Fig. 1B-D) . Astrogliosis was evaluated by measuring GFAP intensity in the perilesional area, 600 mm caudal and 600 mm cranial in squares of 100 mm to 100 mm (Fig. 1E) . At 3 wk after injury, there was no significant difference in astrogliosis in Mcpt8cre-mice compared with control mice. Quantification of Iba1 expression revealed that macrophage/microglia infiltration in both WT and Mcpt8Cre mice was similar (Fig. 1F-H) .
Hence, in the present study, we demonstrate in vivo that the absence of basophils does not substantially influence the gross locomotor recovery after SCI. This is surprising because they share multiple characteristics with MCs, which do have a substantial role in CNS recovery, as described above. There is, however, a slight trend toward reduced functional recovery and increased astrogliosis in Mcpt8Cre mice, but the rather high number of mice used in the experiments (WT, n = 20; Mcpt8Cre, n = 35) and the P-values of the BMS (0.1748) and astrogliosis (0.1657) indicate that this pattern between both mouse groups is far from statistically significant. We can, however, not completely exclude that small changes in fine motor skills were not detected by our method of analysis (BMS). To our knowledge, this is the first study to show that basophils are dispensable for the gross locomotor recovery after SCI in mice.
There are, however, potential explanations for the lack of an effect from basophil-deficiency on the locomotor performance after SCI. Firstly, although Mcpt8Cre transgenic mice lack .90% of their basophils, they are not completely deficient in basophils [13] . Thus, we cannot completely rule out that the remaining basophils are sufficient to compensate for the entire basophil population. However, given the paucity of this myeloid cell population, it appears unlikely that the few basophils left could counterbalance the whole population and fully account for any possible unique functions regarding the recovery after SCI.
Secondly, the content of basophilic granules partially overlaps with the set of effector molecules secreted by MCs. In view of the key role of MCs and their proteases in CNS trauma and accounting for the similarities between MCs and basophils, it is tempting to speculate that MCs may fully offset the deficiency in basophils. Moreover, the MC-specific protease mMCP4 decreased neuroinflammation after SCI via degradation of inflammationassociated cytokines. Because basophils do not produce mMCP4 [19] , this might partly explain why the absence of basophils after SCI has no phenotypical outcome [9, 10] . The MC-deficient mice used in Hendrix et al [9] and Nelissen et al [10] had normal numbers of basophils [20] , which provided evidence that the observed effects were specifically MC-related and that the remaining basophils were not capable of taking over MC functions and protecting from CNS damage.
A more-complex approach to address this issue would be to investigate the SCI model in mice without both basophils and MCs. Therefore, we have depleted basophils in MC-deficient mice with basophil-depleting antibodies. We treated naïve WT mice with Ba103 [21] and MAR-1 [22] antibodies and compared them to control WT mice without depletion (data not shown). The number of basophils detected in the blood, peritoneum, and spleen was already low in the untreated mice, and we did not observe any further reduction after injection of the basophil-depleting antibodies, which makes the efficiency of the depletion questionable. Hence, we are convinced that such an approach would not be appropriate in a nonallergic model, such as SCI, which is not characterized by massive basophil infiltration. A better, although very time-consuming alternative would be the generation of doubleknockout mice that are deficient in both MCs and basophils.
There is still an ongoing discussion about which model is the best for studying SCI. We preferred to use the T-cut hemisection model to study "true" regeneration vs. sprouting derived from spared fibers [15, 16] . Indeed, in models such as contusion or compression injuries, functional recovery may result from spared fibers of the ventrolateral matter. It is, therefore, not possible to draw conclusions from our studies about the role of basophils in contusion and compression injury models.
Finally, we cannot exclude that basophils do influence fine motor skills during functional recovery without affecting gross locomotor function.
In summary, the data presented in this study illustrate for the first time that basophils, despite their unique role in several other immunopathologic conditions, are dispensable for the reestablishment of gross locomotor skills after SCI. . Quantification of astrogliosis after SCI was performed on all sections by intensity analysis of the GFAP staining in the middle of the lesion within square areas of 100 mm by 100 mm (white boxes), extending from 600 mm cranial to 600 mm caudal from the lesion epicenter (C, D, and E). The infiltration of macrophages/microglia was quantified by analyzing Iba1 immunofluorescence intensity (F, G, and H). Iba1 quantification (H) was performed on all sections in 2 even-sized circles (diameter 6250 mm), 1 cranial and 1 caudal from the lesion (F and G), which represented the most-intense region. Scale bars, 500 mm (C, D, F, and G). Data represent means 6 SEM; n = 6/ group for lesion size; n = 6 (WT) and n = 9 (Mcpt8Cre) for astrogliosis; n = 5 (WT) and n = 8 (Mcpt8Cre) for Iba1. BMS data as shown in (A) are a compilation of 3 independent experiments, and the immunohistologic analysis was performed on spinal cord tissue sections from 1 of 3 independent experiments. constructive advice concerning several technical aspects. S.H. participated in the design and coordination of this study and helped to draft the manuscript. All authors read and approved the final manuscript. 
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